Lung injury is one of the major concerns for chest cancer patients that undergo radiotherapy as well as persons exposed to an accidental radiological event. Reduction/oxidation (redox) system plays a key role in lung injury via chronic upregulation of pro-oxidant enzymes. NOX2 and NOX4 are two important reactive oxygen species generating enzymes that are involved in radiation toxicity in some organs such as the bone marrow. In this study, we aimed to evaluate the expression of NOX2 and NOX4 signaling in rat's lung tissues. Upregulation of these genes may be involved in radiation-induced lung injury. Moreover, we evaluated the role of pre-treatment with melatonin on the expression of these genes. Twenty male rats were divided into 4 groups as control; melatonin treated; irradiation; and irradiation with melatonin pre-treatment. Rats were exposed to 15 Gy 60 Co gamma rays and sacrificed after 10 weeks for evaluation of NF-κB, TGFβR1, SMAD2, NOX2, and NOX4 gene expression by realtime PCR. Results showed the upregulation of all five genes. The expression of NOX2 was more obvious compared to other genes. Administration of melatonin before irradiation could attenuate the expression of all mentioned genes.
he lung is one of the most radiosensitive organs, and also a late responding one.
Radiation therapy is a common treatment option for patients with lung, head and neck or breast cancers (1) . For patients who receive radiation to the chest area such as total body irradiation (TBI), lung damage is one of the most common side effects (2) .
Moreover, pneumonitis and fibrosis are two main limiting factors (3) . In addition to clinical importance of these side effects, fibrosis and pneumonitis pose a threat to the lives of people exposed to accidental nuclear or radiological events (4) . Lung reactions to ionizing radiation may appear after several months to years following exposure to radiation. A major symptom of lung injury is difficulty in breathing, resulting from massive collagen deposition which could lead to loss of lung function (5) . (15, 16) . In the present study, we assessed the expression of TGFβR1, SMAD2, nuclear factor-κB (NF-κB), NOX2, and NOX4. NOX2 is a membrane protein that can be stimulated by TGFβR1. In addition, TGFβR1 through some mediators such as SMAD2 and NF-κB can upregulate NOX4 gene expression. We also evaluated the effect of pretreatment with melatonin on the expression of these signaling pathways.
Materials and methods

Experimental design
In this experimental study, 20 male Wistar rats Table 1 .
GAPDH was selected as internal control. Primers were first evaluated in Gene Runner software and then blasted in NCBI.
All samples were run in duplicate. In each sample, ΔCT was calculated using differences between the mean CT of target or housekeeping genes. Then, ΔΔCT was calculated using differences between the mean ΔCT for treatment groups and mean ΔCT for control group. Finally, the relative fold changes in the expression of our target genes including TGFβR1, NF-κB, SMAD2, NOX2, and NOX4 were calculated compared to the internal housekeeping gene.
Statistical analyses
All statistical analyses were performed using Statistical Package for Social Sciences (SPSS) software (version 16, SPSS, Inc, Chicago, IL, USA). The significance of reported findings was conducted with T-Test. P values < 0.05 were considered to be statistically significant. 
Genes
Forward sequence Reverse sequence
TGFβR1
TGCACCATCTTCAAAAACAGGG CAGCTGACTGCTTTTCTGTAGT
NF-κB AATTGCCCCGGCAT TCCCGTAACCGCGTA
SMAD2
TCTCCGGCTGAACTGTCTCCTA GCGATTGAACACCAAAATGCA Results showed that irradiation of rats' lungs led to 8.55 ± 3.80 fold increase in the expression of NOX4
NOX2
CTGCCAGTGTGTCGGAATCT TGTGAATGGCCGTGTGAAGT
NOX4
GGATCACAGAAGGTCCCTAGC AGAAGTTCAGGGCGTTCACC
GAPDH
AGTGCCAGCCTCGTCTCATA ATGAAGGGGTCGTTGATGGC
Results
Real
(P = 0.006) while melatonin administration before exposure to gamma rays caused significant decrease In the present study, we aimed to evaluate the expression of two important pro-oxidant enzymes:
NOX2 and NOX4 that may be involved in late effects of exposure to ionizing radiation. Our study showed a high expression of NOX2 and NOX4
following irradiation of rats' lung. In addition, our results showed increased levels of upstream genes 
